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Materials and Methods Sample preparation PGK from yeast was purchased from Sigma-Aldrich, Munich, Germany as ammonium sulfate precipitate. The protein was dissolved in buffer prepared with D 2 O (20 mM MOPS, 50 mM NaCl, 2 mM EDTA, pD 7.4) and concentrated using Amicon Ultra Centrifugal Filters with a MWCO of 10kDa (Millipore, Billerica, MA USA). The concentrated sample was dialyzed against the 100 fold excess of buffer over night including one buffer exchange after approximately five hours. To remove aggregates the samples were filtered through a 100 nm membrane filter and the desired concentration of 0.5%-5% w/v was adjusted. DLS measurements confirm the monomeric character of each sample. In order to determine the Michaelis-Menten constant K M of both substrates in H 2 O and in D 2 O as well, enzyme kinetic measurements according to Büchner (1) were carried out. No significant change of the K M value in D 2 O with respect to H 2 O was observed, as stated in literature (2). In order to realize the situation that more than 90% of PGK binds both substrates, final concentrations of each substrate was adjusted to the 10 fold concentration of the respective K M value. The final substrate concentrations used were 13mM MgATP and 41mM 3PG, respectively. The sample composition was the same for SANS, DLS and NSE measurements and the sample temperature was always 283 K in temperature controlled environments. In chemical equilibrium the protein will undergo turnover in both directions with a 10 times smaller rate for the back reaction than for the forward direction (1). The proteins with bound substrate or product are both in the "near active" configuration. In the equilibrium between bound and unbound substrate/product we will have a 10% contribution of the unbound state to the bound state measurement. Therefore the real difference between both states will be larger than found in our measurements. Nevertheless, this does not influence the final conclusion.
Calculations
All computations were performed using the molecular modeling toolkit MMTK (3) which allows calculations with protein structures from the PDB data bank. The used scattering length b i accounts for the H/D exchange within the protein structure and for the contrast to the solvent
NMA
Elastic normal mode analysis was performed on the web server elNemo (4) which is based on an elastic network model using a coarse grained model of the protein structure and an elastic force model (5) . The protein is represented by a reduced set of atoms linked with equal springs, if their distance is smaller than a specific cutoff distance of 8 Å. The used potential is harmonic around the equilibrium distance between two neighboring atoms as it is suggested by a spring model. By solving the eigenequation of the generalized force matrix the eigenvectors are obtained. The cutoff and the simplified model mainly affect the higher order modes (5) . The low normal modes are mainly determined by the shape of the protein independent of the atomic details of the interaction. The absolute value of the eigenmode frequency depends on the force constant of the individual springs. The low eigenmodes describe distortions with small relative displacements of neighboring atoms which need a minimum energy for the global deformation. These are the soft modes that allow an easy configurational change of the whole protein. In the standard case of normal mode analysis the force matrix is mass weighted. In our case of friction dominated Brownian modes the force matrix must be friction weighted (6) . In the simplified model we use equal friction yielding the same result for the displacement eigenvectors as obtained with the above described NMA with equal masses.
Dynamic light scattering
Dynamic light scattering measurements were performed on a DLS standard setup with an Ar+ laser (514 nm) and an Avalanche Photo Diode (APD, ALV, Germany) mounted on a ALV-125 compact goniometer together with an ALV5000E digital correlator (both ALV, Germany). All measurements were performed at 283K in a temperature controlled environment. The intensity correlation function from PGK and PGKsub were well fitted with a single exponential and the translational diffusion constant was evaluated for various concentrations. To eliminate effects due to small contaminants or larger aggregates we used a CONTIN analysis ( 7 ) . Figure 1b shows an exemplary result of a 5% concentration PGK measured correlation function at a scattering angle of 90 degrees with the error of the CONTIN fit in Figure 1a (the fit is not shown). The resulting distribution of decay times is given in Figure 1c with a width of about 20%. We find no significant indication of asymmetry in the distribution resulting from the presence of oligomers. Oligomers are larger than the monomer and should contribute to the distribution only at the right flank of the distribution. After several days we find indications of larger aggregates or dust with relaxation times about 100 times larger compared to the protein, but we do not find aggregates with intermediate sizes. The mass contribution of these aggregates was always less than 0.1% of the total protein mass in the sample and only recognized due to the high sensitivity of DLS for such contaminations. Possibly these aggregates are the origin of the low Q scattering in the SANS measurements. We note that the presence of such aggregates does not influence DLS measurements nor later NSE measurements. Figure 2 shows the center decay rate of the CONTIN analysis for various Q 2 and for different concentrations. We find a good linear dependence reflecting the concentration independent diffusion constant defining the slope according to 
SANS
SANS Measurements were performed at the instrument KWS1 at the FRM II reactor in Garching (Germany). The incident wavelength λ was 4.5 Å. The experimental radius of gyration R g was analyzed according to a Guinier fit with
-1 <Q<0.06Å -1 ) and extrapolated to zero concentration. The background scattering in the protein solution is the scattering of the pure buffer solution, which was measured independently. Scaled with the volume fraction of buffer solution in the sample this background was subtracted from the measurements. Additionally we subtracted the calculated Q independent incoherent scattering intensity of the protein (e.g. after H/D exchange I inc (1%)=0.0022 cm -1 ).
Neutron SpinEcho Spectroscopy
NSE is a high-resolution inelastic scattering technique that measures the temporal and spatial correlation of atomic or molecular items that have scattering contrast for neutrons. Inelastic neutron scattering techniques usually measure the Fourier transform of the space-time correlation function S(Q,ω). The neutron spin-echo technique implicitly performs a cos-Fourier transformation back to (Fourier-) time and therefore yields the intermediate scattering function I(Q,t) in the time domain together with a high resolution in time (9) . NSE measurements were performed with IN15 at the high-flux reactor (ILL) in Grenoble (France). Quartz cells of 30×30mm 2 with 4 mm path length were used. Three different wavelengths (10 Å
NSE and background correction
The basic observable is the loss of polarization A -as amplitude of the spin echo-in a polarized neutron beam for a given Fourier time t due to inelastic scattering of the neutrons. The measured signal as the echo amplitude A is shown in Fig. 1 for the sample and the background buffer measurement corrected only for the reference. The signal is composed of the scattering of all components in the sample (or background) and due to the sample cell. The sample cell as a weak elastic scatterer adds a small Fourier time independent (i.e. elastic) contribution to the echo amplitude A and to I up and I down. . The D 2 O buffer contributes mainly to I up and I down. but less to the echo amplitude, because the water dynamics is much faster than the time window of the experiment at low Q. As a result the background scattering (triangles) shows a more or less constant echo amplitude over the full time range but does not increase to the value of (I up -I down )/2 at t=0. The value of the plateau is due to the elastic sample cell scattering. Nevertheless for larger Q the incoherent D 2 O dynamics becomes visible at short fouriertimes leading to a small increase for the largest Q in the background measurement. The scattering of the sample is due to the protein scattering but includes the background scattering. In general the scattering is mainly due to the coherent scattering of the protein in the buffer solution and the background is a correction of a few percent but important to determine the exact slope of the sample scattering. The uncorrected echo amplitude of the sample does not reach the initial polarization because of the background contribution with fast dynamics (solvent) to the polarization, which, however, is missing in the echo already for the shortest available/measured Fouriertime. Therefore we can use the extrapolated amplitude for t=0 after correction, which should reach the initial polarization of 1, as a measure of quality for the background correction. In our case we reach this level with an error below 0.2% indicating a very high quality measurement and background correction. (10, 11, 12, 13, 14) . The single particle diffusion is D T0 . The hydrodynamic function H(Q) describes the change in the diffusion of a particle due to hydrodynamic interactions between neighboring particles. H(Q) is dependent on shape and size of the particles and on the concentration. In the case of translational diffusion H T (Q) can be split in a Q independent part representing the particle short time self diffusion and a Q dependent distinct part representing the average hydrodynamic interaction between different particles which is responsible for the S(Q) like oscillations (13) . The distinct part vanishes for large Q leaving the self diffusion as the large Q limit of D T . The self diffusion is typically smaller than translational diffusion D T at infinite dilution (hence H T (Q)<1 for large Q) (13) . For hard sphere systems the shape of the distinct part in H T (Q) is similar to the structure factor S(Q) but with a smaller amplitude of the oscillations around the high Q limit. The high Q limit can be estimated for hard sphere systems with volume fraction Φ as
The hydrodynamic function

At finite concentrations the collective translational diffusion coefficient is D T (Q)=D T0 H T (Q)/S(Q), where H T (Q) is the hydrodynamic function and S(Q) representing the direct interactions
… (15) . With concentration levels used in our studies, calculations for hard spheres indicate that H T (Q) is almost constant above about Q=0.07 Å -1 . The modulations at lower Q in the distinct part just as the modulations in S(Q) originate from correlations in the distribution of particles. Compared to hard sphere systems we have in our case an additional uncorrelated orientational freedom of the strongly asymmetric protein, which should reduce the correlation in the hydrodynamic interaction and hence reduces the modulations in H T (Q). The observation of a constant H T (Q) already at low Q implies a vanishing distinct part and indicates that the decorrelation in orientation dominates the correlation in the distribution of particles. The here found H T values imply that the hydrodynamic interactions in the self part are larger than those for hard spheres of the same volume fraction (H T =0.90 and 0.98). This effect possibly originates from the flexibility of the protein or the accompanying increased effective hydrodynamic radius, which can reach the maximum extension of the protein. Detailed calculations of hydrodynamic interactions for asymmetric shaped particles which describe the additional effect of orientational freedom are still missing.
Comparison to FRET results
Structure
In order to compare our data with earlier results from fluorescence resonance energy transfer (FRET) ( 16 ) , where the dye molecules were bound to residues 135 and 290, we calculated the domain distance D 135-290 as the distance between the corresponding C α atoms. Compared to the liganded crystal structure with D 135-290 =39.3 Å the solution structure including normal mode displacements has about the same distance D 135-290 =38.6 Å for PGK and a more compact configuration with D 135-290 =29.7 Å for PGKsub,. The reduced domain distance, which is smaller than that found in the crystal structure, is consistent with results from the FRET experiment (16) . However, FRET studies give a larger absolute distance with substrates (D 135-290 =38.2 Å) than without (D 135-290 =31.5 Å). This qualitative difference might be caused by the fact (i) that the distance of the dye molecules does not match the exact positions of the C α atoms or/and (ii) that the dye molecules were quite large compared to the size of an amino acid and have a position uncertainty due to their mobility. Dynamics From the FRET results (16) the distance distribution widths (FWHM) for both chromophores where obtained as 31.4 Å without substrates and 20.2 Å with substrates. The observed decrease of FWHM due to substrate binding is consistent with our dynamical studies, indicating an increase of the rigidity upon substrate binding. For a more detailed comparison we evaluated the root mean square displacements (RMSD) for the residues 135 and 290, where the chromophores are attached, using a combination of modes 7, 8 and 9 and assuming statistical independence. In the case of PGK we find a RMSD of 34.3 Å, while for PGKsub the corresponding RMSD reduces to 15.9 Å. Both RMSD's are still in a reasonable agreement considering the errors and the substantial dissimilarity of both experimental techniques.
